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In minimal trinification models light neutrino masses can be generated via a radiative see-saw 
mechanism, where the masses of the right-handed neutrinos originate from loops involving Higgs 
and fermion fields at the unification scale. This mechanism is absent in models aiming at solving or 
ameliorating the hierarchy problem, such as low-energy supersymmetry, since the large seesaw-scale 
disappears. In this case, neutrino masses need to be generated via a TeV-scale mechanism. In this 
paper, we investigate an inverse seesaw mechanism and discuss some phenomenological consequences. 
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I. INTRODUCTION 

Trinified models, SU{3)c x SU{3)l x SU{3)ii, are attractive candidates for a more symmetric extension of the 
Standard Model (SM) as all matter can be arranged in bi-fundamental representations; no adjoint Higgs representa- 
tions are needed to break the symmetry to the Standard Model; and gauge interactions conserve baryon number, thus 
proton decay is naturally suppressed [TJ [5] . Moreover, trinified models can be motivated as the low energy limit of 
string theory, both as a subgroup of £^8 in heterotic string theory |3] and N = 8 supergravity as well as in IIB string 
theories via AdS/CFT duality with a conformal SU{3)" gauge theory (see e.g. jlHZ])^- A generic problem arising in all 
theories which aim at unifying the gauge interactions at some large unification scale Mjj is the hierarchy problem: the 
large hierarchy between the unification and the electroweak scale is unstable against radiative corrections. The most 
popular way out is to introduce weak-scale supersymmetry which gives rise to the cancellation of radiative corrections 
of SM particles and their superpartners. The additional particle content can ensure gauge coupling unification at Mjj; 
moreover, there exists also a natural dark matter candidate. Alternatives of supersymmetry which adress at least 
some of these points and in particular the hierarchy problem include theories with large extra dimensions |11H14| , a 
large number of copies of the SM states |TS] or models based on AdS / CFT complementarity [S] . In such scenarios the 
Planck scale is typically lowered to the electroweak scale, avoiding any high energy scale in the theory. 

As we will see, the extension of trinified models with either of these ideas leads to important consequences for the 
mechanism of neutrino mass generation, namely the absence of a large seesaw scale and the necessity to generate 
neutrino masses at the TeV scale. In this paper we study the implementation of TeV neutrino mass generation via 
an inverse seesaw mechanism and some of its phenomenological consequences. We will show that in general, neutrino 
masses can be generated in the desired range. 

II. A SHORT REVIEW ON MINIMAL TRINIFICATION 

We begin by briefly reviewing the trinified model [TJ [SJ [ini [TT] . Gauge coupling unification is guaranteed by an 
additional discrete Z3 symmetry, which results in "minimal trinification", SU{3)c x SU{3)l x SU{3)b. x Z3. The fun- 
damental representation of SU{3)c x S'[/(3)l x SU{3)r is (1, 3, 3*)® (3*, 1, 3)® (3, 3*, 1), which forms the fundamental 
fermion representation 27 of Eq [18\. The fermion multiplets are assigned to the irreducible representations as follows: 

V'L©^Q=©^g = (1,3,3*)®(3*,1,3)®(3,3*,1). (1) 
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With respect to the SM (Gsm = SU{3)c x SU{2)l x U{\)y) the fermion multiplets decompose into: 

(1, 2, \) ® 2(1, 2, -i) e (1, 1, 1) ® 2(1, 1, 0), 
^Qe^(3*,l,-|)©2(3*,l,i), (2) 
V-Q^ (3,2*,i)®(3,l,-i) 

The Hypercharge Y is given by the Gell-Mann-Nishijima formula Y = Q + /a, where is the third component of 
the SU (2) L isospin and Q is the electric charge. The SM charged leptons and the neutrino of each generation are 
accomodated in the same ijji^ multiplet, 

_ ({S) {E^) {J^)\ 

A superposition of S and ^ forms the known standard model weak lepton doublet whereas e"^ is the common positron 
field. is a new lepton doublet with the opposite hypercharge compared to S and ^ . jV\ and jVi are heavy neutral 
leptons, and therefore sterile SU{2) singlet neutrinos. The right-handed and left-handed quarks are embedded in ipqc 
and V'Qj respectively, 

^Pq^=\ u-\, {{-d u) B) . (4) 

Here u'^ is the common up-conjugate quark field whereas 2!'^ and SS'^ are a superposition of the common quark and 
a new heavy quark B'^ carrying the same quantum numbers. The doublet (— d u) is the conjugate of the usual quark 
doublet Q = (^). 

When the GUT symmetry is broken, as discussed below, a linear combination of and SS'^ together with B will 
become massive with mass ©(Mqut) whereas the orthogonal combination remains light. This combination is the 
down-quark singlet field of the SM. We denote the mixing angle between S!^ and SS'^ as a such that^ 



B^ [ C^^^ + Sr, 



(5) 



For brevity we write Cq, — cos a and — sin a. Similarly, we denote the mixing angle in the lepton sector as /3 such 
that 



Ni = sp-yVi- cp.yV2, and N2 = -cp .yVi - sp J\^2- (6) 



Two (1,3,3*) Higgs multiplets ip^£^ are used to break down both the electroweak and the unified symmetry |16| . 
The vacuum expectation values (VEVs) Vi break the trinified group at the unification scale Afy, while Ui and rij are 
©(Mew) and thus break the SM group, 

= ^fA , (^i) = I U2 1 , (^i) ^ I 1 . (7) 



Qa Qa ca 
'-'1 ^2 "-"3 

Due to the quantum number assignment of the (1, 3, 3*) multiplet, this is the most general expression for the VEVs. 
In order to generate up-type quark masses, one of U2 and 712 needs to be nonzero; similarly, at least one of Ui, rii, and 
na is necessary for the down-type quark and the charged lepton masses. 

Using the minimal set of VEVs required to obtain the correct fermion masses, ui, U2, vi, and V2 are chosen to be 
nonzero and all others zero. The discrete symmetry requires colored Higgs fields ipq^ and in addition to the 
Higgs multiplets (pi, 

'PQ^ = I n h = i-^H '^H ^h) ■ (8) 



^ There are small corrections (^^(Mew/A/gut) when the electroweak symmetry is broken and the down quark acquires mass. For three 
generations, this relation expands to a six-by-six mixing matrix for [d, B) and (5?'^, .^'^), which includes the CKM matrix. For more 
details, see Ref. 1171 . 
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The general Higgs potential was studied in Ref. [TB]. For our purpose, however, it is sufficient to restrict ourselves 
to a simplified case which considers only one of the two possible Higgs niultiplets, Lp^ = as well as only the 
dimension-two and three terms. In this case, the potential simply reads 

= {'P*QfQ + •^h-^Q" + ^l^l) + [H(PQ-'PQ(PL + 72 {ipLipL(PL + cyclic) + h.c] , (9) 

where m, ji = 0{Mij). The bilinear terms are mass terms proportional to m^, while the cubic terms are proportional 
to 7j. 

The Yukawa couplings are given by two types of interactions, which are allowed due to their singlet structure under 
gauge group transformations, 

^Li^L^l EE e^^'^ersti^LYdi'Ly.i^Dl (10) 

and their cyclic permutations. The general Yukawa couplings for Quarks and Leptons are therefore 

■^q= 9 {''Pq-^qVl + IpLlpQ-fQ + ^QtpL'^Q-) + h.c. and 

^l^h {l/jLlpL'PL + ^QlpQiPQ + IpQ-lpQ-VQ') + h.C. (11) 

On tree level, the minimal trinification model yields one active neutrino at the electro-weak scale and a SU (2) ^-singlet 
neutrino with a mass of a few eV. Due to large radiative contributions these tree level results are corrected at one-loop 
level, giving rise to the radiative seesaw mechanism. Then one light and two heavy neutrinos emerge, where the light 
neutrino is identified with the SM neutrino. However, as pointed out in Ref. [17 , this mechanism is absent in a 
weak-scale supersymmetric extension of minimal trinification and other attractive approaches to the weak hierarchy 
problem. 

With the given Lagrangian ^ = + Jffe + J^h, it is possible to construct the diagrams shown in Fig. [l] While the 
left diagram contributes via colored Higgs and fermion fields involving the couplings ^QiipqLpL, ipi^tpQcipQ^ipQipi^ipQc 
and ifQcifQipL, the right diagram uses the couplings ipL'tpLfL and fLfLfL instead and contributes via color-singlet 
Higgs and fermion fields. Both diagrams are dominated by the fermion that acquires a unification-scale mass and are 



(Vl> 



<Vl> 



I 

<<Pl> 



Figure 1: One-loop contributions to neutrino masses via colored Higgs and fermion fields (left) and color-singlet Higgs and 
fermion fields (right). In the first case there is another diagram in which the Yukawa vertices are interchanged 17 . 



proportional to the mass of the involved Higgs fields in the loop. The diagrams are in the interaction basis. In order 
to evaluate the contribution it is necessary to work in the mass eigenstate basis. After a straight-forward calculation, 
the dominant contribution of the left diagram, which is proportional to the fermion and the Higgs mass in the loop, 
gives the loop-factor 

TTlR 1 / ?71r Tor TOr m?, \ 

TP _ o I JJH 1 1„„ -Off 1 t^H 2 1„„ -Pg 2 \ /I n\ 

- JT-yi n ~ 2 2 2 2 2~ 1 ' l^^) 

(47r)"^ 2 — ra'^Bni B "^s ^ Bho "^b / 

The second diagram in Fig|l] adds up in an analogous contribution where the quark B is replaced by the lepton 
doublet E and the Higgs fields Bhi,2 are replaced by S'[/(2)i-doublet, color-singlet Higgs fields. The mass entries in 



Eq. (13 1, however, are proportional to both the loop-factor and the corresponding Yukawa couplings. As the latter 
are smaller for leptons, the leptonic contributions are smaller. Hence, the one-loop neutrino mass matrix for one 
generation in the (j/, A^i, A^2) basis is given by 

M^"^°°P ~ [ -/llU2 Sa-pCpg'^FB {s2l}Sa- Co) Q^Fb] , (13) 

Ca-liSljg'^FB 




4 



where a and /3 parameterize the mixing in the quark (to single out the light states d"^) and leptonic sector, respectively. 
This matrix has two eigenvalues of 0(1) and one eigenvalue ©(e^), with e ~ ^pfj 

wjvi 2 ^ 5 -P^ZJ, "m-u (14) 

9 Fb 

In order to obtain the correct values for the tau and top masses, we expect h\ ~ 0.1, g ~ 1 and u\2 = O (lO^ GeV) 

With a unification scale at approximately 10^^ GeV and Fq ~ j^^Mu w 6 • 10^'^ GeV, the mass of the light neutrino 
is of 0(0.1 — 0.01 eV). Thus, the two sterile neutrinos become heavy with masses at the unification scale, while the 
mass of the light standard model-like neutrino is suppressed by a radiative seesaw |20j . 



III. THE INVERSE SEESAW MECHANISM 



Extensions of the Standard Models introduce new physics which suppresses the one-loop contributions to O (1 TeV). 
In supersymmetry, sparticle loop contributions generate cancellations due to the non-renormalization of the superpo- 
tential in the limit of exact supersymmetry. Hence, the nonvanishing entries in the neutrino mass matrix are all of 
the same order. The natural cut-off scale of such effects ranges from a few TeV in weak-scale supersymmetry up to 
several hundred TeV in scenarios with large extra dimensions. 

We will show, however, that it is possible to generate light neutrino masses via radiative corrections in a TeV-scale 
extension of minimal trinification. With O (lO^ — 10^ GeV) loop contributions and certain assumptions, a modified 
inverse seesaw mechanism is capable of reproducing the observed neutral lepton mass spectrum with one light neutrino 
per family as well as the remaining standard model particle masses. 

The original idea behind the inverse seesaw mechanism |21l [22] is to introduce a new heavy SU{2) x U{1) singlet 
lepton N with an effective mass term, fxNN. The mass of the singlet lepton can be much smaller than the mass of 
the singlet lepton of the standard seesaw. In this case the smallness of the neutrino mass is directly related to the 
smallness of /i. For one generation, the mechanism is characterized by a mass matrix of the following shape, in the 
{ly, ^ N) basis: 

/ mj, \ 

M= ImD , (15) 

\ M n J 

which yields a light, active neutrino with a mass 0(0.1 eV) [23J, 

(o.lev) ~ (lOO Gev) (ikev) (lO^Gev) ' ^^^"^ 



This matrix has the same structure as the mass matrix in minimal trinification, Eq. (13 1 in the basis (i/, Ni, N2) 



with the loop factor Fb — and a unification scale of approximately M/j ~ 2 x Kr^GeY. In order to achieve 



a light neutrino mass, we aim to match both matrices given in Eqs. p3| and (151. We start with the (2,3) and the 



(3, 2) entry. Looking at the matrix in Eq. ( 15 ) and comparing it to EqTTlGl), these entries are of O (10 TeV). 
In contrast to minimal trinification, the loop factor Fb is reduced from 0(10^"^ GeV) to j^^p-Mx, where the new 

mass scale Mx is in the multi-TeV region. The Yukawa coupling hi can be chosen such that Mx — O (lO^ GeV) and 



therefore M ~ O (1 TeV) (see Eq. 1^). 

In addition, we need the (2, 2) -entry to vanish and the (3,3)-entry to be O (IkeV) in order to satisfy the inverse 
seesaw conditions. These requirements may be fulfilled by an appropriate choice of the remaining free parameters, the 
mixing angles a and /?, 

c„-/3 sp=0 (10-9) , cp=0 . (17) 

Let us choose a = /?, which may be explained by an appropriate fiavor symmetry. In this case, the (3, 3)-entry is simply 
given by and requires nearly vanishing mixing in the lepton and the quark sector, a = /S = arcsin(10-9) « 10^^ 
such that 

lOGeV \ 
M^-'°°P - ( lOGeV ITeV . (18) 
ITeV IkeV/ 
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As in minimal trinification. two neutrinos are heavy while the third one is light, 

mAT^ , ~ ITeV, = 0.1 eV, (19) 

Alternatively, one might choose a ~ 10^^ and (5 — i.e., tan/? — > oo. This scenario, however, is not feasible, as 
tan /? — hiVi/h2V2 and both /i2 and V2 have to be different from zero in order to reproduce the electron masses and 
allow for breaking S'C/(3)l x SU{2>)r to SU{2)l x SU{2)r x U{1). Thus this scenario is ruled out. 

To ensure a valid symmetry breaking chain, we thus choose a — (3 — 10~^. These small mixing angles, however, are 
not consistent with the general setup of the trinified model, which can easily be seen as follows. In order to correctly 
describe the fermion masses and mixing angles, the Yukawa couplings may not be too small such that 

tan a = tan ;3 « — = O ( 10"^) , (20) 
yielding vi ^ V2- We can now take a look at the heavy fermion masses given and find |T7] 



« g2V2 =i 10^^ GeV, tos = ^ hjvj + h^v^ « /lawa ^ 10^^ GeV. (21) 



With the known masses for the top and the bottom quarks as well as the tau lepton, we can calculate the Yukawa 
couplings for this model. To determine an allowed parameter set, two conditions have to be fulfilled: One, the ratio 
of the bottom and the top quark masses; two, the squares of the weak VEVs at up (247 GeV)^, 



— = — s„ = 0.0245 , Jul +ul = 247 GeV. (22) 
mt U2 * 

Combining these two conditions yields the weak VEVs as functions of the quark mixing angle a. 

247 GeV 247 GeV 

Ml = — , , U2 = — 1^^^^=^^^^= ■ (23) 



l+(^sina 



(?S7 csc«)^ 



The couplings gi and hi are then given by 



91 = — , hi = — - . (24) 

U2 ui sm p 

Since a = (3 = 10~^, we obtain 

ui ~ 247 GeV, U2 ~ 10"^ GeV, gi ~ 1.7 x 10^ and hi ~ 6.9 x 10^ . (25) 

These large values for the Yukawa coupling are an obvious problem. So we can either choose reasonable values for the 
Yukawa couplings or for the vacuum expectation values, but not for both. 

IV. A MODIFIED INVERSE SEESAW 

As the two conditions for the inverse seesaw mechanism cannot be fulfilled simultaneously within our model, we 
investigate whether it is possible to relax either of them. We will therefore have another look at the neutrino mass 



matrix, Eq. (13 1. The conditions listed in Eq. (17 1 stem from the (2,2)- and (3, 3)-entries; however, it is obvious that 
the latter one accounts for the inverse seesaw mechanism as it introduces the large hierarchy among the entries. Then 
the (2, 2)-entry simply has to be chosen such that it does not spoil the mechanism. Of course, relaxing the condition on 
the (2, 2)-entry, i.e., allowing for larger mixing angles, has an impact on the (2, 3)-entry. Its value is bound from below 
by the masses of the heavy neutral leptons of 90.3 GeV jT3], which corresponds to a lower bound on the (2,3)-entry 
of about 330 GeV. 

Let us therefore consider the mass matrix. 






■niD 





rriD 


M 


M 





M 


M 




10 GeV 
)-lTeV 0.33-1 
0.33 - 1 TeV 1 keV 



M^~'°°P = [mo M M I - I 10 GeV 0- ITeV 0.33- ITeV | . (26) 
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In fact, this kind of matrix was already considered in the context of inverse type-Ill seesaw models [21]. It is straight- 
forward to show that two eigenvalues are O (1 TeV), while the third one is indeed given by O ((0.1 — 1) eV), 



A, 



M + ^l± a/4M2 



(27) 



We want to show now, that the doublet neutrino v becomes light while the singlet neutrinos Ni^2 remain massive 
enough to evade the experimental bounds. An analytical determination of the eigenspace of the mass matrix is not 
possible due to the approximation used during the calculation of the eigenvalues. Instead we constrain ourselves to a 
numerical analysis. The eigenvectors of Mjv (Eq 26 1 are'^ 



wi ~ (-1, -10~", 0.01) 
W2 ^ (0.009, -0.5, 0.9) 
W3 ~ (0.005, 0.9, 0.5). 



(28) 



So the rotation matrix S to diagonalize the mass matrix 
as columns. 



diag 



S^MS can be constructed using the eigenvectors 



-1 0.009 0.005^ 
-10-" -0.5 0.9 
0.01 0.9 0.5 



(29) 



This yields a minimal mixing of the lightest neutrino and a nearly maximal mixing between A^i and A'2 as shown 
m FigjU Now we want to determine the conditions on a and /? to fulfill the scheme introduced in Eq. (p6|. At 



/V, 



Figure 2: Neutrino mixing in a modified inverse seesaw model. The three difli'erent mass eigenstates are given by three difi^erent 
gray tones. While for the lightest neutrino v mixing is almost absent (as required by unitarity of the light neutrino PMNS 
mixing matrix), the two heavy neutrinos A''i and N2 show up a nearly maximal mixing in mass eigenstates. 



first there is again Ca-psp = ±10~ , which is crucial for the light neutrino mass. Additionally the second condition 
S2pSa — Ca > 0.33 has to be fulfilled*. Fig. [3] shows the allowed range of values. The overlay of both plots in Fig. H 
shows, that large portions of the parameter space of each individual angle a and /3 are allowed, while the values of 
the angles are strongly correlated. The dashed line shows this correlation between a and f3. 

We discard the case where f3 is nearby or 7r/2 since this choice does not allow for symmetry breaking to the 
standard model, as was discussed in section |III[ Instead we concentrate on the other region where /3 is given by 

/3 = arccos ( - ^3 - cos 2a - 4 x 10^9 sin a - 2\/cos2 a (cos2 a + A x IQ-^ (sin a - 10-^)) ) (30) 



^ For the (2, 2) entry M = M = 1 TeV has been chosen, as the exact value of M has no influence on the mass eigenstates obtained. 

However with a vanishing M we get exactly maximal mixing between the two heavy sterile states. 

* As mentioned in the last subsection, the (3,2)- and the (2,3) entry must not be smaller than 330 GeV. See Eq. |26|. 
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for < a < 7r/2, and 



/? = arccos ( ^ y/s - cos 2a - 4 x IQ-^ sin a - 2^cos2 a (cos^ a + 4 x IQ-^ (sin a - IQ-^)) ) (31) 



for 7r/2 < a < tt. 





Figure 3: The left plot shows the allowed range of values for a and j3 to fulfill the condition S2/3Sa — > 0.33 from the bound 
on the (2, 3) and (3, 2) elements. The white band marks the forbidden area. On the second plot the contour describes the value 
of the (3, 3) entry, where the dashed lines indicate the allowed values for a and /3 to get an (3, 3) entry equal 10~®. 




0.0 0.5 1.0 1.5 2,0 2.5 3.0 



Figure 4: Overlay of the two plots in Fig. [3] The white band marks the forbidden area, with respect to the experimental bounds 
of new heavy neutral leptons. The dashed lines indicate the allowed values for a and /3 to get an (3, 3) entry equal 10~^. 



We determine the parameter spectrum for the fermion and gauge boson masses as before. Using the correlation 
of a and f3 given in Eqs. (30 1 and (31 1 we are able to calculate the VEVs and the Yukawa couplings with respect 
to a specific value of the quark mixing angle a. Figs. |5] and [6] show the weak-scale vacuum expectation values and 
the Yukawa couplings gi and hi as a, function of a, respectively. We notice that part of these parameters become 
divergent for the mixing angles a — 0, 7t/2 and tt. These regions, however, are already excluded, as discussed above, 
so the parameters fulfill all provided conditions in the remaining regions. 
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gi and ft, 

j/| and ;iT [GeV] 




Figure 5: The vacuum expectation values ui and 
U2 as a function of the quark mixing angle a. The 
solid line corresponds to iti, the dashed one to U2 



Figure 6: Both Yukawa couplings, gi for the quark 
sector and hi for the lepton sector are plotted 
against the quark mixing angle a. The solid line 
corresponds to gi, the dashed one to hi. 



All values except for the regions around 0, 7r/2. and tt imply a neutrino mass around 0.1 eV for the S'[/(2)-doublet 
neutrino. By varying the condition Ca-psp ~ O (lO~^) it is furthermore possible to achieve even smaller SM neutrino 
masses down to O (lO~'*eV) without changing the masses of the new heavy neutrinos. Figs. Pt] and ^ show the light 
and heavy neutrino masses as functions of a, respectively. The masses of the heavy neutrinos iVi ancrA'^2 are smaller 
around the well known points 0, 7r/2, and tt. In particular N2 becomes as light as a few hundred MeV for a = 7r/2. 

V mass [eV] 
0.35 

0.30 

0.25 

0.20 

0.15 

0.10 

0.05 

0.00 




Figure 7: The mass of the lightest neutrino as a function of the quark mixing angle a. Naturally this behavior depends also 
on the restrictions for the (3, 3) matrix entry. The mass function diverges around 7r/2 as well as for a = and tt, which is not 
clearly visible in this plot. 



W, mass [eV] ^2 mass [eV] 




Figure 8: The mass of A'^i and N2 as a function of a. Again the masses depend on the restrictions for the (2, 3), (3, 2), and (3, 3) 
matrix entries which have been chosen to fulfill the experimental bounds from searches for new heavy neutral leptons. 

It is evident that the strong correlation between the quark and lepton mixing angles a and j3 requires a considerable 
amount of fine-tuning. This could be obtained by an appropriate flavor symmetry which would protect the relation 
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against renormalization effects as well. Moreover, this model has to be compared to minimal trinification where gauge- 
coupling unification results if five Higgs doublets are at the weak scale, without supersymmetry, as well as to SUSY 
models based on SU{5) or SO{10) which require intermediate scales, additional Higgs fields, or higher-dimensional 
operators to correctly describe the fermion masses and mixing angles. 



V. PROTON DECAY AND LIFETIME 



In minimal trinification, proton decay is mediated at tree level, through Yukawa interactions involving the colored 
Higgs fields (pg, ipQu. Because of the same baryon number assignment in both the quark and the lepton Yukawa 
Lagrangian a ipL mediated proton decay is forbidden. In general, there are two distinct types of operators, namely 
those involving only left or right-handed fields, LLLL and RRRR, and the mixed operators, LLRR and RRLL. The 
mixed operators read [TT 

^mixcd OC (g"^"/!-" QmQneTuf + (ff § {-§1 /i)*"" C<*Q.:ife) + ^-C, (32) 

where we explicitly display the generation indices. They are of mass-dimension six; a unification scale of O (lO^^ GeV) , 
as is the case in the supersymmetric model, sufficiently suppresses the corresponding decay rate. The LLLL and RRRR 
operators, however, can be of mass-dimension five. 



'dims « ((5 Z^"" Q^QnQ^LJ + g'' {-§1 Z^)"" d^<e?uj^) + h.c. (33) 

In the presence of supersymmetry, they stem from F terms. When the sfermions are integrated out, they give rise to 
effective four-fermion operators of dimension six. Thus the operators are suppressed by (msMy)^ instead of M^. 

It is beyond the purpose of this paper to calculate the lifetime of the various decay channels. It is well known that 
in ordinary SUSY GUTs, the decay rate is naturally consistent with the experimental limit if the sfermion masses, m^, 
are above a few hundred TeV. (The PeV-scale as the "best place for supersymmetry" was discussed in Moreover 



angles a and /3 which also predict small neutrino masses. 



it is remarkable that the operators in Eqs. (32 1 and (33 1 are naturally suppressed for those choices of the mixing 



VI. CONCLUSION 



Neutrino masses in TeV-scale extensions of Minimal Trinification have been a challenge as they either request 
higher-dimensional operators or large Higgs representations. In this paper, we have presented a new approach for 
light neutrino masses: a radiatively generated inverse seesaw mechanism with loop contributions from the PeV-scale. 
We have discussed how the basic mechanism can be implemented into minimal trinification and demonstrated that a 
realistic pattern of fermion masses can be obtained. If we compare the specific constraints which are set on the model 
parameters with the so-far discussed scenarios in the literature, we note that both higher-dimensional operators and 
large Higgs representations introduce additional sets of free parameters, as does minimal trinfication which requires 
several Higgs fields. Models based on other gauge groups (like SU{5) or 5*0(10)) share these issues as well. Hence, the 
model discussed in this paper is a viable and as attractive scenario: it is able to generate neutrino masses in the 0.1 eV 
region if the mixing patterns in the quark and lepton sectors are correlated. This correlation might be explained by 
an appropriate flavor symmetry. 

The existence of new gauge singlet neutrino states with large Yukawa couplings around the TeV scale has potentially 
interesting consequences for phenomenology. While lepton number violation in the inverse seesaw is supressed by the 
smallness of the parameter fi in the inverse seesaw mass matrix, large lepton flavor violating effects can arise. For 
example, enhanced rates for — ^ 67 as well as /i-e conversion in nuclei with respect to seesaw-I model expectations 
both with and without supersymmetry have been found in |23l ES] . 

Another exciting possibility would be the direct production of the gauge singlet neutrinos at the LHC. As lepton 
number is almost conserved, this scenario resembles the production of heavy Dirac neutrinos at the LHC discussed in 
|27| . In this paper a 5 cr discovery reach for heavy neutrino masses up to 100 GeV was advocated with 30 fb~i. While 
for larger masses the production cross section would decrease, new decay channels open up once the heavy neutrino 
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mass exceeding the Higgs mass, which would require a detailed simulation. 
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